Three experiments were conducted in healthy middle-aged volunteers (six males and six females in Expt 1, six males and two females in Expt 2 and twelve males in Expt 3) with a mean BMI of 27 kg/m2 to determine whether there is a difference between morning and afternoon dietary fat clearance and utilization, and to determine in what way the fat and starch contents of the meal influence postprandial blood lipid metabolites over 4.5 h. Over 4 days in Expt 1 each subject received isoenergetic, high-carbohydrate (L, 5.5 g mixed fat/meal) and moderately high-fat (M, 33 g mixed fat/meal) breakfasts and lunches, in three combinations (LL, MM, LM), or they fasted at breakfast time and received a high fat lunch (NM) in a randomized and balanced arrangement. Each evening a standard meal was given. The following effects were significant (P < 0.05): plasma triacylglycerol (TAG) responses were greater following M meals; plasma TAG concentrations were greater in the afternoon than in the morning, following two meals of the same composition, although the postprandial incremental response was less following lunch than following breakfast and peak responses were reached much earlier than after breakfase a low-fat breakfast, or fasting at breakfast time, delayed the peak TAG response to a M lunch. The plasma concentrations of nonesterified fatty acids (NEFA) and of free glycerol were higher in the afternoon following M meals at breakfast and lunch, especially in males. This response was reduced, by the L breakfast preceding the M lunch. Two M meals in succession lowered plasma HDL-cholesterol concentration. In Expt 2 each subject received a very low-fat (VL) breakfast, followed by a lunch of the same composition.
Elevated fasting concentrations of plasma triacylglycerol (TAG) tend to be associated with an elevated postprandial TAG response, insulin resistance, a low plasma HDL-cholesterol concentration and atherogenesis (Baggio et al. 1980; Barbagallo et al. 1991; Frape & Jones, 1995) . The combination of elevated serum TAG and low serum HDL-cholesterol concentrations is associated with a poor chronic clinical prognosis following coronary bypass surgery (Lindkn et al. 1994) . Elevated postprandial plasma TAG concentrations may promote insulin resistance by an associated release into the plasma of non-esterified fatty acids (NEFA). High concentrations of NEFA in contact with isolated hepatocytes have been demonstrated to impair insulin binding (Svedberg et al. 1990 (Svedberg et al. , 1991 , impair dietary glucose oxidation through the glucose-NEFA cycle (Randle et al. 1963 ) and increase hepatic gluconeogenesis. High-fat, low-carbohydrate diets have been used traditionally to induce insulin resistance in laboratory animals. Such diets, compared with isoenergetic high-carbohydrate diets, have induced resistance within 3 d in healthy volunteers (Sidery et al. 1990 ) and in rats (Smith, 1994) . However, Chen et al. (1993) showed that the replacement of saturated fat by carbohydrate increased postprandial lipaemia, the extent of which was correlated with insulin response in patients with noninsulin-dependent diabetes (NIDDM), and replacement of fat with carbohydrate has been shown to increase fasting plasma TAG and lower plasma HDL-cholesterol concentrations (Smith, 1994) . Thus, it is not certain that dietary carbohydrate is to be preferred to mixed fat in the prevention of heart disease and insulin resistance.
Two hypotheses were tested in the present experiments in healthy middle-aged subjects: (1) that a moderately fatty meal causes a higher postprandial plasma TAG response than a carbohydrate meal providing a similar amount of metabolizable energy (ME) and (2) that there are differences in acute postprandial plasma lipid responses to meals of similar composition taken at breakfast and lunch time. In order to explain the expected differences two further hypotheses were advanced: (3) that any differences found in (2) might be related to differences between morning and afternoon in the clearance rate of intravenously administered fat and (4) that postprandial metabolic effects occurring after lunch could be attributed to the combined effects of meals at both breakfast and lunch time. The meals were typical of traditional fatty and cereal breakfasts.
MATERIALS AND METHODS

Expt 1
Three blocks of four healthy volunteers each (six males, six females) were tested over a 4 d period in an experiment of randomized and balanced design with each subject receiving the four treatments over 4 d, and in which these treatments were imposed at breakfast and lunch time only. The treatments consisted of meals of two compositions, providing similar amounts of ME: moderately high-fat, low-carbohydrate (M) or moderately low-fat, highcarbohydrate (L). An alternative treatment was no breakfast (N) and a M lunch. The resulting combinations of breakfasts and lunches were LL, MM, NM and LM and their composition is given in Table 1 . The meals were given at 08.30 hours and 13.00 hours.
Orange juice was given to subjects in Expt 1, except the fasted subjects, and was consumed in 30 s before the remainder of each meal. The fasted subjects received 150 ml water at breakfast time. Both breakfasts and lunches were consumed in an average of 10 min. The lunch was followed by a standard evening meal at 18.15 hours, which provided 4.5 MJ ME, and comprised beefburger, three vegetables, yoghurt, and weak coffee, after which there were no postprandial measurements. A soft drink, half a pint of beer, or equivalent, was permitted between 19.00 hours and 20.00 hours daily. No other 192.7 g.
Expt 3 were 1.81 and 1.89 MJ ME respectively, owing to omission of the orange juice.
stimulating drink, or tobacco, was permitted during the course of the study. All subjects received 150 ml carbonated water 2 h 5 min after the commencement of both breakfast and lunch. The composition of the meals was determined by chemical analysis after preparation for eating (Table 1 ). The fatty acid composition of the fat in the M and L meals was very similar, predominately dairy fat, demonstrated by analysis. The methods of food analysis were those used by Frape 8z Jones (1995).
Expt 2 Eight subjects (six males, two females) took part in a study to compare the clearance rate of lipid (Intralipid 10 96 emulsion, Kabi Pharmacia Ltd, Milton Keynes, Bucks.) during the morning with that during the afternoon of the same day, within-subject. The lipid was infused into an antecubital vein at the rate of 1 ml/kg body weight over 60 s. Each subject received Intralipid from the same bottle morning and afternoon. Infusion commenced 110 min after the start of the consumption of a very-low-fat meal, composed of 60 g wheatflakes and 225 ml skimmed milk, at 08.30 hours and again at 13.00 hours. The mean ingestion times for breakfast and lunch were approximately 6 min. Immediately following each clearance test subjects received 150 ml water.
Expt 3
In this experiment treatments MM and LM of Expt 1 were repeated in a completely randomized design with twelve middle-aged male volunteers allotted at random from pairs of similar body weight to either LM or MM treatments. The subjects received their respective treatments from day 2 to day 17 of a 17 d period, during which all meals were provided. On day 1 all subjects were given treatment LM and in the analysis of treatment differences the postprandial responses to lunch on day 1 were subtracted from the equivalent responses to lunch on the mean of days 16 and 17. In addition on days 1,16 and 17 a glucose tolerance test (GTT) was carried out commencing 2 h 17 min after the start of lunch, when 82.5 g glucose monohydrate (equivalent to 75 g glucose), in approximately 400 ml water, was taken orally by each subject over 45 s. At 18.15 hours on the evenings before metabolic test days 1, 16 and 17 all subjects received a meal of similar composition to that described for the evening in Expt 1.
The meals for the two treatments given during this study on days 1,16 and 17, were the same as those given during Expt 1, with the exception that the orange juice drink was omitted. On days 2-15 the L and M breakfasts were given. For lunch and the evening meal two fatty menus were rotated on a 2 d cycle. The mean composition of the daily menu for the two treatments for days 2 to 15 is given in Table 1 .
Subjects
A description of the subjects is given in Table 2 . All subjects in Expts 1 and 3 attended Papworth Hospital in the afternoon of the day before the commencement and they received the standard evening meal at 18.15 hours. All were similarly accommodated overnight and during subsequent nights before metabolic study days. No abnormal exercise was allowed, other than a gentle short walk to be taken sometime between 2 h and 4 h after the commencement of breakfast and lunch in Expt 1 and during the morning of Expt 3. In Expt 2 all subjects fasted from 20.00 hours on the day before the experiment and the subjects remained within the ward throughout the study, no abnormal exercise being permitted.
Lipid metabolite measurements
In Expt 1 an indwelling antecubital vein cannula was fitted at 07.30-08.00 hours each day, Tuesday to Friday, and removed each evening. Blood samples (10 ml) were taken with times labelled (1) to (9), at: 0 (l), 30 (2), 60 (3), 120 (4) and 265 (5) min after the start of breakfast, and 0 (5),30 (6),60 (7), 120 (8), and 265 (9) min after the start of lunch. Time point (5) fulfilled the dual purpose of being the last post-breakfast sample and the immediate prelunch sample. On each occasion in Expt 1 the subject was seated for 5 min before and during phlebotomy, the cannula was flushed with saline and the first sample discarded. Blood samples were treated with lithium heparin apart from those for general haematology and NEFA measurements, which were treated with fluoride-EDTA. The initial processing of all blood samples occurred within 1 h of collection. Where plasma analyses were not undertaken immediately samples were held at -70" until analysed. All samples for a particular variable from a given day were measured in the same assay run.
Plasma TAG was measured on a Hitachi 717 instrument (Boehringer Mannheim UK Ltd, Lewes, East Sussex), as the difference between total and free plasma glycerol, using a kit (Sigma Diagnostics, Poole, Dorset), employing a colorimetric reaction before and after enzymic hydrolysis of the TAG. NEFA were measured by a colorimetric reaction following the formation of acyl-CoA, on a Hitachi 911 instrument, using a kit (Wako Chemicals GmbH, Neuss, Germany). Plasma cholesterol, other than HDL-cholesterol, was removed by precipitation with phosphotungstic acid and MnC12. The HDL-cholesterol was then measured using a kit (Instrumentation Laboratory SPA, Milan, Italy), except that the reagent was prepared in our laboratory and calibrated against the Boehringer Mannheim reagent no. 543004. The intra-assay coefficients of variation for the determinations of total glycerol, free glycerol, TAG, NEFA and HDL-cholesterol were respectively: 0.9,3.6, 3.7, 2.2 and 1.1 % In Expt 2 four blood samples were drawn morning and afternoon at 0, 20, 38, and 60 min following the commencement of eating. Eight further blood samples were taken over 40 min from the start of the Intralipid infusion, both morning and afternoon. These sixteen samples were drawn from an antecubital vein in the opposite arm to that used for infusion, using Wallace (H.G. Wallace Ltd, Colchester, Essex) and Venflon (BOC Ohmeda AB, Helsinborg, Sweden) indwelling cannulas. Using a Cecil spectrophotometer (Cecil Instruments Ltd, Milton, Cambs.) the light absorbance at 340 nm of each plasma sample from a subject was measured and from this absorbance the subject's zero time plasma absorbance was subtracted as a blank. The resulting difference was assessed against a standard curve formed from dilutions of Intralipid in saline in the range 0-5 % of the undiluted material. Thus, the plasma Intralipid concentrations were recorded as % Intralipid in plasma. The rate of Intralipid clearance was measured as the mean decrease per min in plasma Intralipid concentration, where this is expressed as % undiluted Intralipid. The other procedures for blood analysis were those used in Expt 1.
In Expt 3 on days 1, 16 and 17 the procedure was similar to that followed for Expt 1, with the exception that eleven blood samples were taken daily in Monovet gel tubes (Sarstedt Ltd, Beaumont Leys, Leicester) and held at 2" to 4". All samples were processed within 30 min of collection. The means of each individual's responses for a characteristic on days 16 and 17 were used for statistical analysis.
Statistical methods
Responses for all repeated measurement variables were summarized at individual subject level by area under the curve (AUC), calculated by applying the trapezium rule for time points 1-5 and 5-9 for morning and afternoon respectively, in Expt 1 (Altman, 1991) . The baseline for this calculation was zero. Incremental AUC (IAUC) were also calculated, for which the baselines were time 1 for time points 1-5 and time 5 for time points 5-9. The baselines for the IAUC in Expt 3 were the pre-breakfast values for post-lunch responses and pre-G?T values for the GTI' responses. Multiple regression analyses, including subject as a factor, allowed comparisons to be made between diets and time of day in Expt 1. All computations were carried out with SPSS for Windows software (Statistical Package for the Social Sciences, Version 6.1, 1993, SPSS UK Ltd).
Ethical considerations
The protocols for the experiments were approved by the Huntingdon Area Medical Ethics Committee and all subjects gave informed written consent to participate.
RESULTS
Expt 1
The AUC for two of the response variables in Expt 1, after breakfast and after lunch within sex, are given in Table 3 . For these measurements the baseline value was zero. For IAUC the baseline values were the pre-meal values, i.e. time 1 for the morning measurement and time 5 for the afternoon measurement.
Plasma triacylglycerols. For treatments MM and LL the AUC for plasma TAG measured in the afternoon exceeded that measured in the morning (Fig. 1, Table 3 ), owing to raised pre-lunch (time 5 ) plasma concentrations within each of these treatments. The difference between morning and afternoon AUC among male subjects was particularly prominent for treatment MM (P = 0.001). The main effects for the comparisons AUC MM v. LL and morning AUC v. afternoon AUC over these two treatments were both significant (P = 0.0005). The plasma TAG AUC for treatment LM in the afternoon was greater than that for treatment MM (P=O-O2), although the afternoon AUC for LM cannot be fully evaluated as the peak response may not have been reached by the time of the last daily blood sampling (time 9). The plasma TAG IAUC values for morning v. afternoon did not differ significantly for treatments LL and MM, as a consequence of the high pre-lunch TAG concentrations. Moreover, the plasma TAG concentration decreased from 1 h after lunch in treatment MM, whereas it rose throughout the morning in that treatment, as it did throughout the afternoon within treatments NM and LM. The change seen between 2-0 h and 4.42 h postprandially in the afternoon for treatment MM was significantly different from that seen between the same times in the morning (P = 0.0005). The steep decline in plasma TAG concentration between collections 8 and 9 is in contrast to the rise between collections 4 and 5, and therefore the changes were compared (Fig. 1) . The mean rates of change, for both sexes combined, between these two collection times were: +0.186 mmol/l per h in the morning and -0.079 mmol/l per h in the afternoon (difference, P = 0.01). Within treatment LL the same comparison approached significance (P=O.O68). The rapid decline in plasma TAG concentration during the afternoon of treatment MM, combined with the high pre-lunch concentration, caused the afternoon IAUC for MM to be negative (in contrast to the large positive value for the morning IAUC) and less than the afternoon IAUC values for treatments NM and LM (P = 0-02). Plasma non-esterijied fatty acids and free glycerol. The mean postprandial concentrations of TAG related well to those of plasma NEFA, as measured by AUC, although the postprandial time course for plasma NEFA and for free glycerol was an initial decrease in concentration, followed by a late rise (Figs. 2 and 3) . The mean postprandial concentrations for TAG and NEFA after lunch were particularly high for males in treatment MM (Tables 3 and 4) . The NEFA AUC response was higher for MM after lunch than for the other three high-fat meals: MM morning (P=O.OOOl), NM afternoon (P = 0.001) and LM afternoon (P = 0.0001). The cereal breakfast lowered the afternoon NEFA AUC in treatment LM, notably amongst males. However, there was no significant difference in NEFA concentrations between morning and afternoon for treatment LL (Fig.  2) . The plasma free glycerol AUC values were similar to those for NEFA, with similar levels of significance, apart from the response to treatment NM in the morning, for which there were expectedly high NEFA concentrations, and the glycerol AUC response to NM after lunch was less than that to LM after lunch ( Fig. 3 and Table 4 ). This is likely to have resulted from the much greater concentrations of plasma glucose seen after breakfast in treatment LM (results not shown).
Plasma HDL-cholesterol. Plasma HDL-cholesterol concentration was previously demonstrated to be inversely related to TAG response (Frape & Jones, 1995) . Similarly in the present study the postprandial HDL-cholesterol AUC was marginally lower in the afternoon than in the morning in both treatments LL and Mh4 (P = 0.072) and lower over the day in treatment MM than in LL (P=O-OOZ; Table 3 ). The comparison amongst the fatty meals indicated that the AUC for HDL-cholesterol was lower for treatment MM after lunch than for NM after lunch (P=O-O2), but the difference between the afternoon AUC for MM and LM did not attain significance, (P = 0.06). The HDL-cholesterol concentration was considerably higher amongst females than amongst males (Table 3) , as previously found (Frape & Jones, 1995) . 
Expt 2
The maximum mean plasma concentration of Intralipid occurred at approximately 4.5 min after the mean infusion time and 80 % of the infused dose of Intralipid was cleared in 40 min. Between 4.5 and 40 min post-infusion the clearance rates were log-linear and the residual variation was decreased by transposing the x axis to log time. Most of the variation in plasma Intralipid concentration was then accounted for by regression (R 0.96; R2 0.92, P < 0.00005) and the comparison of morning v. afternoon clearance rates on log time was significant (P=O-O24). Within-subject t tests indicated that in all but one subject the clearance rate was faster in the afternoon than in the morning.
Expt 3
There was no significant treatment difference (MM v. LM) in the decrease in fasting plasma TAG concentration over the 17 d of the experiment. The changes in fasting plasma TAG from day 1 to days 16 and 17 for treatments MM and LM were: -0-40 and -0.26 mmol/l (P > 0.1), respectively.
The changes in NEFA AUC, post-lunch pre-GTT, from day 1 to days 16 and 17 were + 19 mmol/l.min for MM and -7 mmol/l.min for LM (P =0.025). During the GTT plasma NEFA declined linearly with time in both treatments from 16 min following the start of glucose dosing (Table 5 and Fig. 4) . The linear rate over 1.5 h from the peak was -0.229 (SE 0.0154) mmol/l per h (P=0.00066). Also during the GTT there was a large plasma TAG IAUC response on day 1 (P = 0.001) and again on the mean of days 16 and 17 (P = 0.006) in both treatments. The IAUC for plasma TAG during the GTT on days 16 and 17 in treatment LM was greater than the response to that treatment during the immediate post-lunch period and it was greater than that for MM during the GTT (P = 0.025; Fig 4) .
Nevertheless this treatment difference should be accepted with caution, owing to the small number of subjects allocated to each treatment. . The post-lunch, pre-GlT incremental area under the curve (IAUC) of TAG for treatment MM was greater than that for LM, P = 0.078, and the AUC for NEFA for treatment MM was greater than that for LM, P = 0.025. The post-GlT IAUC for TAG for treatment LM was greater than that for MM, P = 0.025.
DISCUSSION
Plasma triacylglycerol Concentration
In Expt 2, the tendency for Intralipid to be cleared faster in the afternoon was significant ( P = 0.024). In seven out of eight subjects the clearance rate was faster in the afternoon. Polyunsaturated fats, as found in Intralipid, are cleared more readily than are saturated fats (Fraser, 1994) . Consequently with more-saturated dietary fats, typical of a Western diet, an even more distinct diurnal difference may well have been detected. The increase during the morning in plasma TAG content in the period between 2-0 h and 4.42 h after breakfast, compared with the decrease during the corresponding postprandial period in the afternoon, in treatment MM of Expt 1, might indicate a more rapid clearance, a less rapid rate of fatty acid esterification and mobilization, or both effects. The measurements undertaken in Expt 1 were not appropriate to resolve these alternative postulates.
The higher pre-lunch baseline TAG concentrations within treatment MM of Expt 1 and the larger TAG AUC in the afternoon (v. IAUC) compared with the morning are considered to be a consequence of the continued absorption of fat from the morning meal in the afternoon. It has been demonstrated (Fielding et al. 1996) that following a second normal daily meal, a component of the chylomicron TAG response is derived from the first meal. Following the two successive low-fat meals (LL) in Expt 1 the higher plasma TAG concentration seen after lunch also resulted from higher pre-lunch baseline values, apparently combined with a stimulation by carbohydrate of fatty acid esterification and secretion. There is evidence that the replacement of fat with carbohydrate can actually increase the postprandial TAG response of patients with NIDDM and this is interpreted as a stimulation of endogenous apoB-100 TAG synthesis and VLDL-TAG secretion that competes with intestinally derived chylomicrons for clearance (Garg et al. 1988 (Garg et al. , 1994 Chen et al. 1993 Chen et al. , 1995 . If carbohydrate had been a more potent stimulant than dietary fat, to a rise in plasma TAG concentration in our healthy volunteers, it would have been expected that treatment LL would have led to higher postprandial concentrations of TAG, and presumably of NEFA, than were caused by treatment MM. In fact the reverse occurred (LL v. MM, P=0.0005) . The high circulating concentration of plasma TAG in the afternoon would seem to include both chylomicrons from the two previous meals of the day and TAG resulting from a stimulation of fatty acid esterification by carbohydrate from two meals. However, dietary carbohydrate in Expt 1 had a lesser effect on postprandial plasma TAG concentration than did similar amounts of ME provided as dietary fat for healthy middle-aged volunteers. The studies of Garg et al. (1988, 1994) and of Chen et al. (1995) were all conducted on patients with NIDDM for which the IAUC TAG response was not measured. In all these studies the postprandial increase in plasma TAG concentration, resulting from a high-carbohydrate (low-fat) meal, compared with a high-fat meal, could be substantially accounted for by the fasting differences in plasma TAG. Moreover, the fat compositions of their low-and high-fat diets were dissimilar. The fat supplement, substituting for carbohydrate, was olive oil, rich in monounsaturated fatty acids, which are known to lower fasting plasma TAG, in comparison to the effects of saturated fatty acids (Grundy, 1989) . In the present studies the fatty acid compositions of the fats of the M and L treatments were similar (Table 1) and there was no significant treatment difference (MM v. LM) in the decrease in fasting plasma TAG concentration over the 17 d of Expt 3.
In Expt 3 the glucose dose taken in 45 s, and providing 63 96 of the ME provided by the lunch, appeared to stimulate an immediate rise in plasma TAG concentration, as the afternoon TAG response curves were different from, and greater than, those observed for these treatments in Expt 1. In healthy subjects plasma TAG concentration typically reaches a peak 3 h after a single moderately fatty meal, but without showing the pattern of response found in Expt 3 (Kashyap et al. 1983; Miettinen, 1987; Cohn et al. 1988; Cohen & Berger, 1990) . Nevertheless there is no conclusive, within-experiment evidence that the Expt 3 TAG response between 2 h 20 min and 4 h after lunch was a result of the glucose dose, although it is in accord with the evidence referred to earlier, reported by Chen et al. (1993 Chen et al. ( , 1995 for patients with NIDDM. The daily intake by healthy subjects of large amounts of carbohydrate, containing 22-25 % sucrose, stimulates TAG synthesis and release as endogenous apoB-100 VLDL-TAG in the fasting state (Lui et al. 1983 ) and during the day (Mann & Truswell, 1972; Truswell, 1994) . However, the addition of 50 g, or 100 g, glucose to a meal of cream reduced the serum concentrations of TAG at 2, 3,4, 6 and 7 h postprandially (Cohen & Berger, 1990) . This hypotriacylglycerolaemic effect of glucose appeared to reflect delayed gastric emptying and decreased hepatic secretion of TAG that would not have occurred in Expt 3.
Insulin infusion suppresses intracellular hormone sensitive lipase (HSL) and promotes esterification of fatty acids (Frayn, 1993) , accounting for the rapid decline in plasma NEFA concentration during the GTT in Expt 3. The large glucose dose and coincidental increases in plasma glucose and TAG concentrations (Fig. 4) are likely to have been associated with an increased availability of a-glycerophosphate. Thus, there would have been an increase in fatty acid esterification rather than oxidation, although insulin secretion minimizes VLDL-TAG secretion (Frayn & Kingman, 1995) . The greater TAG response in treatment LM v. MM, following the glucose dose, accords with the apparent delay in TAG clearance observed in the afternoon for treatment LM in Expt 1 (Fig. l) , for which there may be a common cause. Whether this effect results from a greater rate of fatty acid esterification, mobilization of chylomicrons from the intestinal tract during glucose absorption, or to a slower clearance rate of TAG in the afternoon in treatment LM cannot be determined from our observations. The immediacy of the TAG response during the GTT points to accelerated chylomicron mobilization in treatment LM v. MM. There may also have been a lack of stimulation of adipose tissue lipoprotein lipase (EC 3.1.1.34; LPL) activity by the low-fat breakfast in treatment LM, or morning fast in treatment NM, for afternoon fat clearance. The IAUC of plasma TAG for LM in the afternoon was threefold that of MM for the same period in Expt 1, a difference especially pronounced in males, but without an attendant rise in plasma NEFA or fall in HDL-cholesterol concentration in LM. It coincided with a relatively low afternoon insulin response by males in treatment LM in both Expts 1 and 3 (to be reported elsewhere). This may have contributed to a lesser stimulation of LPL.
Plasma HDL-cholesterol
Low plasma HDL-cholesterol concentration is a risk factor for CHD. We previously showed a strong inverse correlation between postprandial TAG response to a high-fat meal and postprandial plasma HDL-cholesterol concentration in healthy middle-aged subjects (Frape & Jones, 1995) (1 993) observed no correlation between postprandial lipaemia and either HDL-cholesterol concentration, or post-heparin LPL activity. In Expt 1 the MM treatment lowered the plasma AUC of HDL-cholesterol, especially in the afternoon when the plasma TAG concentration was highest. Males demonstrated lower circulating levels of HDL-cholesterol than females, possibly as a consequence of higher circulating levels of TAG, following both high-fat and high-carbohydrate meals. The HDL-cholesterol AUC was the lowest amongst males on treatment MM in the afternoon (Table 3 ) and treatment LM appeared to improve the situation. Lamon-Fava et al. (1994) reported that amongst the elderly (60-100 years) higher intakes of carbohydrate were associated with lower plasma concentrations of HDL cholesterol. Yet in their study it appeared to be the raised plasma TAG concentration that regulated plasma HDL-cholesterol concentration. Thus, it is concluded that the critical factor is the effect of dietary carbohydrate and fat on the circulating TAG level, which regulates plasma HDL-cholesterol concentration by mechanisms previously discussed (Frape & Jones, 1995) .
Plasma non-esterijied fatty acids and free glycerol
The postprandial NEFA responses in the resting subject are the result of the activities of two lipases: (1) adipose tissue LPL, and (2) intracellular HSL. The second of these enzymes may be the principal cause of the characteristic shape of the postprandial plasma NEFA curve ( Approximately 4 h after a meal, when blood glucose concentration will have declined and postprandial plasma chylomicron concentration increased, there is a rise in NEFA concentration. This rise is probably due to the activity of LPL and the leak-back of NEFA into the circulation Griffiths et al. 1994) , and to reinstated intracellular enzyme activity and depot fat hydrolysis. Superimposed on this response our results in Expt 1, given here, and previously discussed (Frape et al. 1994) , show that the MM treatment caused higher mean circulating levels of NEFA than occurred with treatment LM, owing presumably to higher mean postprandial TAG concentrations stimulating LPL activity. In Expt 3 the post-lunch pre-GTT NEFA AUC values for the mean of days 16 and 17 in treatments MM and LM indicated a similar response to that in Expt 1 (Fig. 4) , that is, much higher values occurred in MM than in LM. Despite a suppression of HSL activity and net movement of fatty acids into adipose tissue , the higher plasma concentrations of NEFA and of free glycerol in the afternoon, following two successive fatty meals (MM), especially amongst males in Expt 1 (Table 4) , are probably the result of adipose tissue LPL acting on the larger number of chylomicrons, as the cereal breakfast appeared to make no contribution to this. Insulin responses in Expts 1 and 3 are not reported here. There was no significant difference in insulin response between treatments MM and LM after lunch, whereas treatment LM caused a much greater insulin response than MM in the morning (P=O.OOOl). Consequently there may have been a relatively greater suppression of the activity of intracellular HSL in treatment LM, contributing to the lower plasma NEFA concentration at the beginning of lunch in both Expts 1 and 3.
The relatively high plasma concentrations of NEFA in the morning in treatment NM reflect the activity of intracellular HSL, contemporary with fasting plasma glucose and insulin concentrations. Fasting insulin concentrations are sufficient at that time to suppress an increase in plasma glycerol concentration in post-absorptive plasma (Frayn et al. 1994) , presumably by promoting gluconeogenesis (Table 4) .
CONCLUSIONS
High-carbohydrate meals led to lower plasma TAG responses than moderately high-fat meals of the same energy content, during 4.5 h after breakfast and lunch in healthy middle-aged volunteers. Treatment LL stimulated a small increase in postprandial plasma TAG concentration, but in the afternoon only.
A high-carbohydrate breakfast, compared with a moderately high-fat breakfast, extended the time over which plasma TAG was elevated after a moderately high-fat lunch. The extent to which this resulted from a retarded afternoon clearance rate for treatment LM v. MM, or to a stimulation by LM of afternoon fatty acid esterification and mobilization, requires further investigation.
Plasma TAG concentration was higher in the afternoon than in the morning following the consumption of meals of the same composition, both high or low in fat, at breakfast and at lunch. This led to lower HDL-cholesterol concentrations, especially during the afternoon in males, and to higher afternoon plasma NEFA concentrations, following moderately high-fat meals. In contrast the IAUC TAG response to lunch was lower than that to breakfast and the clearance rate of plasma fat was faster in the afternoon than in the morning.
It is proposed that the higher afternoon NEFA AUC in treatment MM results from increased chylomicron secretion following a second fatty meal of the day and an increased rate of TAG clearance in the afternoon, both stimulating a high rate of NEFA leak-back into the circulation. The afternoon plasma concentration of NEFA following a breakfast and lunch each providing 33 g mixed fat, was found to be within the range of that reported to cause insulin resistance in isolated hepatocytes.
The relatively short intervals between the three normal meals during the day could mean that the metabolic effects of lunch and an evening meal are affected by the composition of the previous meal.
